Systemic arterial stiffness is increased in patients after Kawasaki disease (KD). Recently, associations between mannosebinding lectin (MBL) gene mutation and coronary complications in infants with KD and atherosclerosis in adults have been reported. We tested the hypothesis that MBL genotype modulates arterial stiffness in children after KD. Seventy-one KD patients (42 with and 29 without coronary aneurysms), aged 9.5 Ϯ 3.7 y, and 41 age-matched controls were studied. We determined and compared their blood pressure, brachioradial arterial stiffness as determined by pulse wave velocity (PWV), fasting total cholesterol, serum MBL level, and MBL genotype. KD, a systemic vasculitis with a predilection for Oriental children, is presently the commonest acquired heart disease in children in developed countries (1). Whereas structural (2) and functional (3,4) alterations of coronary arteries as a consequence of coronary arteritis have been well documented, the long-term impact of diffuse vasculitis on systemic arterial function is just beginning to be unveiled (5-7). We (7) and the others (6,8) have shown that an adverse cardiovascular profile, as characterized by proatherogenic alteration of lipid profile and increased arterial stiffness, occurs in patients late after KD.
KD, a systemic vasculitis with a predilection for Oriental children, is presently the commonest acquired heart disease in children in developed countries (1) . Whereas structural (2) and functional (3, 4) alterations of coronary arteries as a consequence of coronary arteritis have been well documented, the long-term impact of diffuse vasculitis on systemic arterial function is just beginning to be unveiled (5-7). We (7) and the others (6, 8) have shown that an adverse cardiovascular profile, as characterized by proatherogenic alteration of lipid profile and increased arterial stiffness, occurs in patients late after KD.
Furthermore, there is evidence to suggest that the increase in systemic arterial stiffness may be related to the severity of inflammation during the acute phase (7, 9) . In fact, delayed administration of i.v. Ig therapy has been shown to exaggerate the increase in peripheral conduit arterial stiffness in the long term (9) . Hence immune modulation by either extrinsic or intrinsic mechanisms during the acute phase of KD may play a role in determining long-term stiffness of the arteries after vasculitic damage.
MBL is a collagenous lectin that binds to mannose and N-acetyl glucosamine residues on the surface of many microbial antigens (10) . Binding of MBL activates complements independently of antibodies and leads to opsonization of the microorganisms (11, 12) . Deficiency of MBL due to point mutations of the MBL gene has been shown to predispose to infectious illnesses in both children (13) (14) (15) and adults (16) . Recently, associations between MBL gene mutation and development of coronary artery lesions in infants with KD (17) and severe atherosclerosis in adults have been reported (18) . Indeed, concerns have been raised regarding the possibility of predisposition to premature atherosclerosis in adulthood as a result of systemic arterial dysfunction after KD (7, 19, 20) .
The serum MBL concentration is genetically determined. Three point mutations associated with low MBL concentration have been identified in codons 52, 54, and 57 of exon 1 in the MBL gene (10) . The normal wild-type allele is designated A, whereas the variant alleles are designated O (13) . In ethnic Chinese, codon 52 mutation occurs at an extremely low frequency (21) , whereas codon 57 mutation is probably absent (22) . Polymorphisms of the promoter region of the MBL gene have additional effects on serum MBL concentration. In particular is the one at position Ϫ221 (Y/X), with the Y promoter variants being responsible for a high and X promoter variants for a low MBL-expressing activity, respectively (23) .
We hypothesize that the MBL genotype modulates arterial stiffness of children with a history of KD. To test this hypothesis, we compared the peripheral conduit arterial stiffness of KD patients and healthy controls with HL MBL expression genotypes to those with IL or LL MBL expression genotypes.
METHODS

Subjects.
Patients with a history of KD were recruited from the cardiac clinic. Those diagnosed to have KD within 12 mo of the study were excluded to minimize potential confounding influence relating to subacute inflammation (24) . From the medical records, the following patient data were retrieved: age at diagnosis of KD, use of i.v. Ig within 10 d of illness, interval from disease onset to the time of study, and coronary complications. Coronary aneurysms were documented by serial twodimensional echocardiography. Healthy age-matched subjects were recruited as controls. These were healthy children previously discharged from the clinic with a diagnosis of functional heart murmur and their healthy siblings. The institutional ethics committee approved the study and parents of all subjects gave written, informed consent.
The subjects attended for study after an overnight fast. Body weight and height were measured, and body mass index was calculated accordingly. All subjects rested for at least 15 min before blood pressure and arterial stiffness assessments. Blood pressure in the right arm was measured twice using an automatic oscillometric device (DINAMAP, Critikon Inc., Tampa, FL), with the subjects in the seated position, and the average of the two readings was taken. Assessment of the brachioradial arterial stiffness and blood taking were then performed sequentially, as described below. Venous blood was withdrawn for measurement of fasting total cholesterol, assay of serum MBL concentration, and MBL genotyping.
Measurement of arterial stiffness. Stiffness of the brachioradial arterial segment was assessed by measuring PWV, which is related to the square root of elastic modulus according to the Moens-Korteweg equation (25) . Hence, the stiffer the artery, the faster the PWV. A previously validated photoplethysmographic technique (26) was used to measure the transit time required for the pulse to travel from the brachial artery at the elbow to radial artery at the wrist. Briefly, two probes, each containing an infrared emitting diode and a phototransistor, were placed over the right brachial and right radial arteries and secured without compression. As the pulse wave passes along and distends the artery under the probe, more of the infrared signal is absorbed and less reflected. The signals from the two probes were amplified, displayed in real time on the monitor, and sampled by an analog-to-digital converter. The transit time was determined from the time delay between the foot of the corresponding brachial and radial pulse waves. The average of three readings was taken. PWV was calculated by dividing distance between the two points by transit time. Intraobserver variability for measurement of PWV, as reported previously, was 0.08 Ϯ 0.82 m/s (7).
MBL assay and genotyping. Whole blood was collected using potassium-EDTA tubes and frozen at Ϫ70°C until DNA extraction, and the serum was separated by centrifugation was similarly stored until MBL assay. Serum MBL concentration was measured by ELISA as described previously (27) , which detects mainly fully active oligomerized MBL. DNA was extracted from the blood samples by standard techniques. Genotyping of MBL promoter polymorphisms (Y/X) and codon 54 mutations was performed using two separate cycling reactions of the TaqMan allele-discrimination system (Applied Biosystems, Foster City, CA).
For genotyping of the Y/X promoter polymorphism, genomic DNA was amplified using 1 L of aqueous DNA (approxi- and Vic-TCT CAC TGC CAC CGA AAG CAT GTT-Tamra (allele X). The amplification was carried out at 95°C for 10 min, followed by 40 cycles at 60°C for 15 s in 0.2 mL TaqMan optical tubes using an ABI Prism 7700 Sequence Detector (Applied Biosystems).
For detection of codon 54 mutations, the reactions were carried out in a similar fashion but with 40 cycles at 63°C and use of the following primers and TaqMan probes: 5'-CCC TGC AGT GAT TGC CTG TA-3' and 5'-CAG AAC AGC CCA ACA CGT ACC-3'; Fam-ATG GGC GTG ATG GCA CCA AGG-Tamra (allele A) and Vic-ATG GGC GTG ATG ACA CCA AGG G-Tamra (allele B). Fluorescence monitoring was performed according to the manufacturer's directions (ABI Prism 7700 Sequence Detector, Applied Biosystems).
Three 
RESULTS
Subjects.
A total of 112 ethnic Chinese subjects were studied, including 71 children with a history of KD and 41 controls. Of the 71 KD patients, 42 had either persistent or regressed coronary aneurysms, whereas 29 patients had no coronary complications. All but five patients had received i.v. Ig therapy during the acute phase of illness. The patients were studied at 7.7 Ϯ 3.9 y after KD, all of whom remained asymptomatic and none required coronary artery interventions. The demographic data and cardiovascular risk factors of patients and controls are summarized in Table 1 . There were no significant differences in age, sex distribution, body mass index, systemic blood pressure, or fasting total cholesterol between the two groups.
MBL genotypes and serum concentration. The serum MBL concentrations of the three genotype subgroups are shown in Figure 1 . As expected, the median serum MBL concentration was significantly greater in the HL expression genotypes group than that in the IL (p Ͻ 0.001) or LL (p Ͻ 0.001) expression genotype groups. The MBL genotypic distribution in the controls was similar (p ϭ 0.87) to that reported previously in the Chinese population (30) ( Table 2 ). The distributions of MBL genotypes in patients and controls are summarized in Table 3 . The MBL genotype distributions did not differ between patients and controls (p ϭ 0.41) or between patients with and without coronary aneurysms (p ϭ 0.42).
Modulating effects of MBL genotype on arterial stiffness.
The PWV of patients (7.2 Ϯ 2.8 m/s) was significantly higher than that of controls (6.2 Ϯ 1.5 m/s, p ϭ 0.034). Figure 2 shows the linear regression analyses of PWV versus age for the two groups. Although the slopes of the two regression lines were similar (p ϭ 0.48), the y-intercept of the regression line of patient group was significantly greater than that of control group (p ϭ 0.007), suggesting that, although PWV increased with age in both groups, patients had significantly higher PWV than controls throughout the age range.
To determine potential modulating effects of MBL genotypes on arterial stiffness, the cohort was subcategorized, based on the expected MBL expression, into two groups: HL versus IL/LL (Table 4 ). The influence of MBL expression genotypes on PWV in patients and controls is shown in Figure 3A . Patients with IL/LL expression genotypes had significantly faster PWV than those with HL expression genotypes (7.93 Ϯ 1.38 m/s versus 6.67 Ϯ 2.28 m/s, p ϭ 0.027). Among the controls subjects, those having IL/LL expression genotypes also tended to have faster PWV than those with HL expression genotypes (6.80 Ϯ 1.77 m/s versus 5.86 Ϯ 1.30 m/s, p ϭ 0.06). 
MBL GENOTYPE, ARTERIAL STIFFNESS, AND KD
We further determined whether MBL genotype has differential effects on PWV in patients with and without coronary aneurysms (Fig. 3B ). Among patients with coronary aneurysms, those with IL/LL expression genotypes had PWV faster, although not statistically significant, than those with HL expression genotypes (7.50 Ϯ 1.41 m/s versus 6.80 Ϯ 2.28 m/s, p ϭ 0.32). In contrast, among patients without coronary complications, those with IL/LL expression genotypes had significantly faster PWV than those with HL expression genotypes (8.86 Ϯ 0.77 m/s versus 6.48 Ϯ 2.32 m/s, p ϭ 0.02).
Multiple linear regression analysis of the entire cohort of 112 subjects was used to identify significant determinants of PWV. The independent variables included were age at study, sex, body mass index, systolic and diastolic blood pressures, total cholesterol, patient status, and MBL genotype subgroup. Significant determinants were age (␤ ϭ 0.26, p ϭ 0.012), being a KD patient (␤ ϭ 0.22, p ϭ 0.015), and MBL IL/LL genotype subgroup (␤ ϭ 0.20, p ϭ 0.03). When only the patient cohort was analyzed, with addition of duration since the onset of KD (age at study minus age at onset) into the multivariate model, only age (␤ ϭ 0.26, p ϭ 0.043) and MBL IL/LL genotype subgroup (␤ ϭ 0.23, p ϭ 0.041) were found to be significant.
DISCUSSION
This study demonstrates significant modulating effects of MBL genotypes on peripheral conduit arterial stiffness in patients late after KD. The MBL genotype influences arterial stiffness differently in patients with coronary aneurysms and those without coronary complications and controls. Patients with IL or LL MBL expression genotypes have stiffer peripheral conduit arteries than those with HL MBL expression genotypes. Furthermore, this genotype-modulating effect is more pronounced in patients without coronary aneurysms.
We (7) and the others (6) have previously reported on increased stiffness of the brachioradial arterial segment and carotid artery, respectively, in KD patients late after the acute illness. Importantly, the increase in stiffness is not limited to those with coronary complications (7) . Although the exact mechanism remains unclear, replacement of elastic tissue by fibrous scar (31) and endothelial dysfunction (5) have been implicated. In this study, we further provide the first evidence to suggest that MBL genotype may influence arterial stiffness after KD. Biezeveld et al. (17) have recently demonstrated an association between MBL mutation and coronary artery lesions in Dutch patients with KD younger than 1 y of age, but not in the older ones. However, we did not find significant differences in the genotype distributions between patients with and those without coronary aneurysms (Table 3) . Whether this is related to ethnic difference awaits further clarification.
Whereas MBL has been considered as a modifier of susceptibility to infection (32) , the notion that MBL may modulate disease progression in clinical diseases such as rheumatoid arthritis (33) and cystic fibrosis (29) is gaining support. The (18) reported on the association of MBL deficiency with severe atherosclerosis and speculated that the mechanism may be related to modulation of the severity of Chlamydia pneumoniae infection by MBL. Indeed, Rugonfalvi-Kiss et al. (34) has subsequently shown that infection with C. pneumoniae leads to development and progression of severe coronary artery disease mainly in patients with variation in the MBL gene. The findings of the present study further suggest that MBL may impact on cardiovascular morbidities through modulation of systemic arterial stiffness after vasculitic damage. The mechanism by which MBL genotype modulates arterial stiffness in patients with KD remains speculative. Although the etiology of KD is still elusive, epidemiologic and clinical data strongly suggest that an infectious agent is probably the inciting factor (35). A low serum MBL level may perhaps be associated with less effective opsonization and delayed clearance of the triggering infectious agent, resulting in more significant arterial inflammation in the acute phase and dysfunction in the long term. Additionally, the low MBL level may result in less effective clearance of circulating immune complexes, present during the subacute and convalescent phases of KD (36) , as a result of impaired complement fixation. Although the pathogenic role of circulating immune complexes in KD remains uncertain, a higher level has been reported in patients with than those without coronary complications (37) . Furthermore, MBL may modulate severity of inflammation through a dose-dependent influence on proinflammatory cytokine production (38) The more pronounced modulating effect of MBL genotype on arterial stiffness in patients without coronary artery aneurysms is even more intriguing. As the severity of vasculitis in the acute phase is, to some extent, reflected by development of coronary lesions (40), our findings suggest that the modulating effects of MBL genotype depends on severity of vascular inflammation. Indeed, the possibility of genetic programming of the dynamic response to inflammatory stimuli rather than the relatively static baseline serum MBL levels may well underlie the modulating influence of MBL genotypes. Thus, whereas the modulating effects of MBL genotype on arterial stiffness tend almost to be significant in controls, superimposed mild-tomoderate degree of vascular inflammation as a result of KD unmasks the potentially protective role of MBL on long-term arterial function. However, this potentially protective effect of MBL might be overwhelmed by severe inflammation.
A number of limitations to this study deserve comment. First, it would have been ideal to categorize the subjects into three MBL genotype subgroups for analysis. The limited number of subjects with LL expression genotypes, however, would have limited the statistical power to identify genuine differences between groups. Nonetheless, the expected genotype distribution in our controls is an assurance of an unbiased sample. Second, the proportion of our patients with coronary aneurysms (59%, 42/71) is higher than that expected after i.v. Ig therapy. This is likely to be related to tertiary referral bias. Nonetheless, this provides an opportunity to stratify the patients based on coronary complications for determination of possible differential effects of MBL genotype on arterial stiffness in these subgroups.
In conclusion, this study demonstrates that MBL genotype influences arterial stiffness, an important cardiovascular risk factor, in children after KD. Determination of the MBL genotype status in KD patients, regardless of coronary artery complications, may help to identify those potentially at risk of premature atherosclerosis for long-term follow-up.
